Several recent studies indicate that the majority of families with ®ve or fewer cases of breast cancer and no cases of ovarian cancer are not due to BRCA1 or BRCA2. It has been proposed that a further breast cancer susceptibility gene that may account for some of these families is located on chromosome 8p12-p22. We have identi®ed 31 site-speci®c breast cancer families that have a greater than 80% posterior probability of being due to genes other than BRCA1 or BRCA2. These families have been examined for linkage to 8p12-p22 using markers¯anking the putative location of the gene. The overall multi-point LOD score is strongly negative across the whole 44 cM. The individual multi-point LOD score is negative in 23 families and only exceeds 0.5 in a single family (with a multi-point LOD score of 1.22). The maximum heterogeneity LOD score was 0.03 at marker D8S136 with estimated proportion linked (a) of 3% (95% CI 0 ± 30%). These data do not lend support to the hypothesis that chromosome 8p12-p22 harbours a familial breast cancer susceptibility gene. Oncogene (2000) 19, 4170 ± 4173.
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Two major familial breast cancer susceptibility genes have been identi®ed, BRCA1 and BRCA2 (Miki et al., 1994; Wooster et al., 1995; reviewed in Rahman and Stratton, 1998) . Mutations in these genes are responsible for almost all breast-ovarian families and for the majority of site-speci®c families with six or more cases of breast cancer (Ford et al., 1998) . However, several recent studies indicate that the majority of families with ®ve or fewer cases of breast cancer and no case of ovarian cancer are not due to BRCA1 or BRCA2 mutations (Hakansson et al., 1997; Schubert et al., 1997; Serova et al., 1997; Ford et al., 1998) . The underlying molecular defect(s) in these smaller familial clusters of breast cancer, which are commoner in the population, has not been elucidated.
Loss of the short arm of chromosome 8 has been reported in several types of carcinoma including prostate, colorectal, bladder, liver, ovarian, oesophageal and breast . Loss of heterozygosity at microsatellite markers on chromosome 8p is observed in more than 50% of sporadic breast cancers (Kerangueven et al., 1995; Imbert et al., 1996; Yaremko et al., 1995 Yaremko et al., , 1996 . Allele loss is predominantly detected in the chromosome region 8p12-p22, although the region of LOH on chromosome 8p in breast cancer varies between studies and a consensus region of loss has not been identi®ed. The tumour suppressor gene(s) that are the presumed target(s) for the LOH, have not been identi®ed.
Prompted by the observation of allele loss in sporadic breast cancer, linkage analyses at chromosome 8p12-p22 in a modest number of breast cancer families have been reported, and have been interpreted as strong evidence in favour of a familial breast cancer susceptibility gene in this region (Kerangueven et al., 1995; Seitz et al., 1997a,b) . In an analysis of eight French families for linkage to chromosome 8p12-p22, positive three point LOD scores were generated in all eight families using the markers NEFL and D8S259, but no individual LOD score exceeded 0.5. Analyses at anking markers on chromosome 8p generated negative LOD scores. Most of the families showed some evidence against linkage to BRCA1 and BRCA2, but mutation screening data was not presented (Kerangueven et al., 1995) . Seitz et al. (1997a,b) presented results of an analysis of 12 German families (that showed evidence against linkage to BRCA1 and BRCA2) for linkage at chromosome 8p12-p22. One family generated a multi-point LOD score of 2.32 and some breast tumours from this family showed loss of the non-segregating allele at some markers. However, only three of the remaining 11 families yielded positive LOD scores and in each case the LOD score was less than 0.6. To evaluate the contribution of a chromosome 8p gene to familial breast cancer predisposition, we performed linkage analyses with markers spanning the putative region in 31 breast cancer families that are highly unlikely to be due to mutations in BRCA1 or BRCA2.
Families with at least three breast cancer cases diagnosed under the age of 60 years were accrued from Britain, Germany, Holland and USA. Families with ovarian cancer were excluded. DNA was extracted from at least three likely gene carriers in each family using standard protocols.
All families were screened for germline mutations throughout the coding regions of BRCA1 and BRCA2, by PCR ampli®cation of fragments smaller than 300 bp and subsequently by conformation sensitive gel electrophoresis, SSCP/heteroduplex analysis and/or direct sequencing. Families from The Netherlands were in addition typed for the large BRCA1 deletions known to account for a substantial proportion of mutations in this population (Petrij-Bosch et al., 1997) . In addition, all families were genotyped at microsatellite markers in the vicinity of both BRCA1 and BRCA2 using a minimum of three markers at each locus. Linkage analysis at BRCA1 and BRCA2 was performed using the model derived by Claus et al. (1991) and modi®ed by Easton et al. (1993) . This assumes a gene frequency of 0.003 and a lifetime penetrance of 85% in carriers, and of 10% in non-carriers. All LOD scores were calculated using GENEHUNTER 1.1 (Kruglyak et al., 1996) or VITESSE 2.0 beta (O'Connell et al., 1995) according to the size of the family. Marker allele frequencies were estimated from unrelated individuals from each pedigree.
The posterior probability that each family was due to a mutation in a dominant susceptibility gene other than BRCA1 or BRCA2 was calculated assuming that the sensitivity of mutation testing was 70%, and that the prior probability of linkage to BRCA1 or BRCA2 is given by the number of breast cancers in the family (Ford et al., 1998) . Families with a posterior probability 480% of being due to mutation of a gene other than BRCA1 or BRCA2 were examined for linkage to chromosome 8p12-p22 using microsatellite markers spanning the location of the putative susceptibility locus. At least four markers were analysed in each family. The order of markers and approximate genetic distances between them is D8S261 ± 7 cM ± D8S560 ± 0 cM ± D8S298 ± 0 cM ± D8S133 ± 4 cM ± D8S136 ± 5 cM ± NEFL ± 8 cM ± D8S339 ± 5 cM ± D8S505 ± 0 cM ± D8S259 ± 0 cM ± D8S283 ± 15 cM ± D8S260. Linkage analysis was performed as described above. The overall LOD score was then maximized allowing for heterogeneity (HLOD), and location of the gene within the ®xed marker map. At each stepped location over the map of markers a maximum HLOD and a corresponding estimate of the proportion of families linked (a) was obtained.
Thirty-one families with a posterior probability greater than 80% of being due to a dominant susceptibility gene other than BRCA1 or BRCA2 were identi®ed. At least one aected individual from each family was negative for mutations in both BRCA1 and BRCA2, and no family had a LOD score greater than 0.27 at either locus (Table 1) .
The multi-point analyses at chromosome 8p in each family are shown in Table 1 . The overall multi-point LOD score was strongly negative over the whole 44 cM examined (Figure 1 ). Of the 31 families, 23 generated negative LOD scores over the whole region and only one of the remaining families generated a LOD score 40.5 (F3568, LOD score=1.22). The heterogeneity analysis performed over the 44 cM generated a maximum HLOD of 0.03 at marker D8S136 with an estimated proportion of families linked (a) of 3% (95% CI 0 ± 30%). The 95% con®dence interval for a is compatible with no families being attributable to this locus and indicates that not more than 30% of families are likely to be due to a gene on chromosome 8p. These data do not support the hypothesis that there is a familial breast cancer gene at chromosome 8p12-p22. Together with the previous analyses, a total of 51 breast cancer families have been evaluated for linkage at chromosome 8p12-p22. The majority of families are unlinked, and in only one family (MDC 60, Seitz et al., 1997a,b) has substantial evidence of linkage been reported. This family generates a multi-point LOD score of 2.32 and includes nine cases of breast cancer, one case with breast and ovarian cancer and one case with ovarian cancer (Seitz et al., 1997b) . The overwhelming majority of breast-ovarian families are attributable to mutations in BRCA1 and BRCA2 (Ford et al., 1998) . However, mutation analysis data at BRCA1 and BRCA2 has not been published in this family. Furthermore, the individual with only ovarian cancer does not share the haplotype of marker alleles segregating in the individuals with breast cancer and was not coded as aected in the analyses. If this ovarian cancer case had been coded as aected, the evidence in favour of linkage to chromosome 8p from this family would have been considerably weaker.
It is possible that a familial breast cancer predisposition gene at chromosome 8p12-p22 only accounts for an appreciable number of breast cancer families in certain populations. The families analysed in the studies postulating a familial breast cancer gene on chromosome 8p were from France and Germany (Kerangueven et al., 1995; Seitz et al., 1997a,b) . However, we have analysed nine distinct families from Germany none of which yield data suggestive of a breast cancer predisposition gene at this location.
The results from this study suggest that a gene at chromosome 8p12-p22 is unlikely to be making a substantial contribution to familial breast cancer predisposition, and it is thus inappropriate to use the term BRCA3 to describe this locus on the basis of currently available data. Indeed, when the family phenotypes, results of BRCA1 and BRCA2 mutation and linkage screening, and chromosome 8p linkage analyses from this and previous studies are taken together, the evidence for the existence of a familial breast cancer susceptibility gene at this location is very weak.
Recent studies suggest that families with fewer than four cases of breast cancer are unlikely to be due to mutations in BRCA1 and BRCA2 (Ford et al., 1998) . Furthermore, population based, direct estimates, suggest that BRCA1 and BRCA2 mutations do not account for much of the familial risk conferred by early onset breast cancer (Peto et al., 1999; Malone et al., 1998) . We have thus far identi®ed 31 families with three or more cases of breast cancer diagnosed before age 60 years that are highly unlikely to be due to BRCA1 or BRCA2 mutations, and that are informative for linkage. Using this resource, a genome-wide linkage screen is being performed in an eort to locate at least some of the additional genes involved in familial breast cancer predisposition. No evidence of a familial breast cancer gene at 8p12-p22 N Rahman et al
